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Abstract
Schistosomes are trematodes known as blood flukes that cause schistosomiasis in people and animals. The male and female
worms reside mainly in intestinal veins where they lay eggs that result in a wide-ranging pathology in infected individuals. A
growing body of evidence indicates that carbohydrates on glycoproteins, glycolipids and glycosaminoglycans synthesized by
the parasite are targets of humoral immunity and may play a role in modulating host immune responses. Carbohydrate
antigens may provide protective immunity against infection. In addition, recent evidence indicates that glycoconjugates and
carbohydrate-binding proteins from the parasites and their hosts participate in egg adhesion and granuloma formation
involved in disease pathology. This review will highlight our current knowledge of the glycoconjugates synthesized by the
parasites and their immunological and biological properties. There is increasing anticipation in the field that information
about the glycobiology of these parasites may lead to carbohydrate-based vaccines and diagnostics for the disease and
perhaps new therapies for treating infected individuals. ß 1999 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction
Schistosomiasis is a disease of animals and humans
caused by helminths of the genus Schistosoma and
results in a wide-ranging pathology in the nearly
200 million people infected worldwide. There are
no vaccines for this disease, although curative drugs
are available. Unfortunately, reinfection is common
and eradication of the worms or their intermediate
hosts from the environment is almost impractical. In
the last 25 years there has been tremendous progress
in understanding the molecular nature of some of the
major antigens associated with the disease, and there
is growing optimism that this information will lead
to a better understanding of the immune response to
infection and possibly to the development of vaccines
that might prevent or limit infection. Major histor-
ical developments in this area occurred in the mid
1970s, with the demonstration by Nash et al. [1,2]
and Deelder et al. [3] of circulating carbohydrate
antigens in schistosome infected patients, and also
with the report by Harrison and Ridley [4] that
sera from patients with malaria and ¢lariasis con-
tained antibodies that recognized carbohydrate anti-
gens in glycoconjugates from the ¢larial nematodes
and schistosomes. These cross-reactions were caused
by circulating antigens from the parasites. Other re-
sults reported by Boctor et al. [5] and Deelder and
Kornelis [6] led to the identi¢cation of some of these
polysaccharide antigens in S. mansoni eggs and the
development of immunologic assays for the detection
of the antigens.
These initial observations intensi¢ed research on
the glycoconjugates produced by schistosomes and
the immune responses to them. Studies from labora-
tories worldwide have now led to the conclusion that
the major humoral immune response to schistoso-
miasis is to carbohydrate-based antigens [7^10].
The structures of many of these antigens are now
being deduced and they are revealing several interest-
ing motifs. For example, many parasite-derived N-
and O-glycans in glycoproteins contain the Lewis x
(Lex) [GalL1-4(FucK1-3)GlcNAc-R] and extended-
Lex antigens. In addition, many parasite-derived gly-
coproteins also contain the lacdiNAc (LDN) motif
[GalNAcL1-4GlcNAc-R] and fucosylated lacdiNAc
derivatives. Other interesting structures are found
in secreted polysaccharides and glycosphingolipids.
The evolving evidence suggests that these worm-de-
rived glycoconjugates may also play important roles
in pathogenesis of the disease. A few years ago we
reviewed many of the overall aspects of schistosome
glycobiology and the early studies on the immuno-
pathology of the disease [11]. The current review is
intended to focus more on recent progress in schis-
tosome glycobiology and new information about the
structure, function and biosynthesis of glycoconju-
gates of the parasites.
2. Schistosome biology
Schistosomes are dioecious and digenetic tremato-
des of the family Schistosomatidae and their life cycle
alternates between a de¢nitive vertebrate host and an
intermediate freshwater snail host. Mammals are in-
fected by schistosomes of the genus Schistosoma, and
the three major species that infect humans are S.
mansoni, S. japonicum and S. haematobium. Birds
are infected by several related genera (e.g., Ornitho-
bilharzia and Austrobilharzia). The life cycle of S.
mansoni is depicted in Fig. 1. The adult schistosome
is approximately 1 cm in length and lives as a male/
female pair in the veins of the de¢nitive host. S.
mansoni resides in the portal veins draining the large
intestine, S. japonicum in the veins of the small in-
testine and S. haematobium in the urinary bladder
plexus. The worms have an oral and a ventral sucker
and the body is composed of a core of muscle ¢bers
and cells collectively called parenchyma and an outer
syncytial tegument with a rough surface laced with
spiny protrusions. The outer syncytial tegument is
characterized by a continuous distal cytoplasm con-
nected by cytoplasmic channels to multiple invagina-
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tions of nucleated cytoplasmic bodies located deep
beneath the layer of muscle ¢bers in the parenchyma.
The syncytial membrane has an unusual heptalami-
nate structure by electron microscopy. In contrast,
the early larval stages, schistosomula, have a less
organized outer membrane. The free swimming cer-
cariae are much smaller than the adult worms and
have a long tail and a well-delineated thick glycoca-
lyx. Adult worms are prodigious egg layers and an
adult S. japonicum female can release up to 2000 eggs
per day. The eggs have an elliptical shape and are
approximately 150U50 Wm in size, depending on spe-
cies.
The eggs released by the adults in the vascular bed
have several fates. Studies in infected rodents indi-
cated that approximately one-third of the eggs ad-
here to the venule walls and induce endothelial cells
to grow over them. By this unusual process, the eggs
are removed from the circulation and begin a pro-
teolytic digestion that facilitates their movement
through the walls of the intestine and bladder into
feces and urine respectively. About two-thirds of the
eggs fail to adhere to the endothelium and become
lodged in the hepatic capillary bed. Many of these
eggs become trapped in organs, where they induce a
granulomatous reaction and become surrounded by
leukocytes. The entrapped eggs secrete numerous
proteins, glycoproteins, glycolipids and polysacchar-
ides that are highly antigenic and can accelerate the
in£ammatory response [12^14]. The disruption in
£uid movement induced by the presence of adult
worms and their lodged eggs causes portal hyper-
tension leading to hepatosplenomegaly, a hallmark
of chronic schistosomiasis caused by S. mansoni
and S. japonicum.
The eggs that exit in the urine and feces of the
de¢nitive host hatch in freshwater into miracidia
that infect snail intermediate hosts. There is speci¢c-
ity for the species of snail infected by each schisto-
some species. The asexual replicative stage occurs in
the snail, resulting in the release of numerous free-
swimming infective cercariae into the surrounding
water upon appropriate light stimulation (Fig. 1).
The cercariae have a bifurcated tail and a body
with oral and ventral suckers used for attachment
to the skin of de¢nitive warm-blooded hosts. Follow-
ing attachment, the cercariae contract and release
mucins into the skin surface. The attached cercariae
shake o¡ the tail and penetrate the skin, as they
undergo transformation into schistosomula. This in-
credible change is accompanied by changes in the
appearance of the parasite and loss of the cercarial
glycocalyx. Schistosomula eventually leave the skin,
and some are swept through the circulation to the
Fig. 1. Life cycle of S. mansoni.
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heart, whereas others enter the lymphatic system and
exit via the thoracic duct. Schistosomula migrate
within the vertebrate hosts through the lung and liv-
er, until they reach their ¢nal destination in the mes-
enteric veins or urinary bladder plexus. Within 4-5
weeks after infection the worms sexually mature,
pair, and begin egg-laying.
3. Pathology of schistosomiasis
In the acute phase of schistosomiasis, which coin-
cides with the onset of egg-laying, there is often fever
and chills (Katayama fever), dysentery, allergic reac-
tions with occasional abdominal pain and liver ten-
derness, and severe eosinophilia, which may be fol-
lowed by leukopenia. Chronic schistosomiasis arises
slowly and is accompanied by complex pathological
changes in the a¡ected organs. Severe organ damage
may result from the T cell-mediated granulomatous
response to the eggs. High level infections with S.
mansoni and S. japonicum often result in portal hy-
pertension and gross enlargement of the liver and
spleen and, occasionally, pipestem ¢brosis of the liv-
er. Infection with S. haematobium is often accompa-
nied by terminal hematuria and sometimes dysuria.
The drug of choice in the treatment of schistosomia-
sis is praziquantel (Biltricide). Although the precise
Fig. 2. Structures of schistosome glycoconjugates. (A) Structures of N-glycans containing the LDN and LDNF antigens and N- and
O-glycans containing the Lex and extended Lex antigens found in S. mansoni. (B) Other types of glycans, all probably antigenic, found
in schistosomes and other worms. (Note: Most of these structures exhibit heterogeneity in the degree of fucosylation.)
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mechanism of action of praziquantel is not known,
its e⁄cacy requires associated humoral immunity,
and the relevant antigens appear to be surface glyco-
proteins [15,16]. The drug causes increased expres-
sion of surface antigens and changes in Ca2 perme-
ability and in£ux [17].
4. Glycoconjugates from schistosomes
A variety of approaches have been taken to delin-
eate the structures of schistosome glycoconjugates.
These include metabolic-radiolabeling of newly syn-
thesized glycans in adult worms and schistosomula,
direct isolation of glycans from cercariae and circu-
lating antigens, and immunochemical characteriza-
tions using speci¢c monoclonal antibodies. Not sur-
prisingly, the results reveal that the worms synthesize
a rich array of N- and O-glycans on glycoproteins,
glycosphingolipids, polysaccharides, and GPI-an-
chors. Most of the studies have focused on S. man-
soni, though some information is now becoming
available about the other species of schistosomes in-
fecting animals, humans, and birds. The structures of
many of these glycans are discussed below, followed
by discussions of their immunogenicity and possible
functions.
4.1. Schistosome glycoproteins
The N-glycans in schistosome glycoproteins have
structures resembling in many ways those found in
mammals. For example, the high mannose-type N-
glycans have a typical Man5ÿ9GlcNAc2-Asn struc-
ture. Schistosomes can also synthesize complex-type
N-glycans with di- tri- and tetraantennary structures
(Fig. 2A). Many of these complex-type N-glycans
contain several interesting terminal structures. One
Fig. 2 (continued).
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of these is the lacdiNAc (LDN) motif GalNAcL1-
4GlcNAc-R and K1,3-linked fucosylated derivatives,
termed LDNF [18,19]. Such structures have now
been found in glycoproteins of both invertebrate
and vertebrate origins [20], but they are usually fur-
ther modi¢ed, as is the case for LDN in human pi-
tuitary hormones, where the GalNAc residue is 4-O-
sulfated [21]. Interestingly, these same types of struc-
tures are found in Diro¢laria immitis, a parasitic
nematode responsible for dog heartworm disease
[22]. Surprisingly, the LDN and LDNF structures
in helminths and vertebrate glycoproteins [21,23]
have so far been reported to be primarily on dianten-
nary N-glycans. But the presence of these epitopes on
O-glycans of vertebrate hormones [24] suggest the
possibility that the structures might occur on many
di¡erent types of N- and O-glycans.
While the diantennary N-glycans of schistosomes
and most helminths lack galactose residues, the
highly branched tri- and tetraantennary N-glycans
of S. mansoni contain large amounts of galactose
and these occur in high molecular mass oligosacchar-
ides containing the Lex and extended Lex antigens
[25] (Fig. 2A). Many of the complex-type N-glycans
found in the eggs of S. mansoni and S. japonicum
contain unusual core modi¢cations such as XylL1-
2Man linkage and additional FucK1-3GlcNAc link-
ages [26] (Fig. 2B).
Preliminary analyses of Sm 37, a glycoprotein de-
rived from schistosomes, demonstrated that it con-
tains complex-type fucosylated diantennary N-gly-
cans [27]. This glycoprotein was identi¢ed based on
its recognition by lectins puri¢ed from the hemo-
lymph of Biomphalaria alexandrina, a snail inter-
mediate host for S. mansoni [28,29]. These lectin rec-
ognize fucosylated glycans, and are inhibitable by the
H-antigen trisaccharide FucK1-2GalL1-4Glc, and
primarily bind the glycoprotein from adult male
schistosomes now termed Sm 37 [27].
Many membrane-associated and secreted glyco-
proteins derived from adult schistosomes have simple
mucin-type O-glycans common to mammalian glyco-
proteins, including GalNAcK1-Ser/Thr and GalL1-
3GalNAcK1-Ser/Thr [30]. Newly transformed schis-
tosomula express the former, but not the latter,
structure. Interestingly, many intracellular glyco-
proteins from S. mansoni adults and schistosomula
contain the common carbohydrate determinant
GlcNAcL1-Ser/Thr [31] known as ‘O-linked
GlcNAc’. All three of these apparently simple and
common carbohydrate structures are potentially anti-
genic, since monoclonal antibodies are available to
each of them. However, it is not known whether
animals infected with schistosomes contain antibod-
ies to these simple O-glycan determinants.
In contrast to these relatively simple O-glycans, the
circulating cathodic antigen (CCA) and the circulat-
ing anodic antigen (CAA) secreted from the gut of
the female schistosome contain very high molecular
mass O-glycans that di¡er dramatically in structure.
CCA structures have a core-2 motif, which is com-
monly found in animal leukocyte mucins [32]. The O-
glycans in CCA contain the Lex and extended Lex
antigens (Fig. 2A), similar in structures to those
found in the complex-type N-glycans. The circulating
anodic antigen (CAA) from S. mansoni is a highly
antigenic glycosaminoglycan-like material in O-link-
age to threonine and contains a repeating motif of
polymeric GalNAc residues each substituted with
GlcA [33] (Fig. 2B). Monoclonal antibodies prepared
from hybridomas derived from splenocytes of schis-
tosome-infected mice, recognize carbohydrate epi-
topes of CCA and CAA and many of these same
epitopes occur on egg antigens, schistosomula and
cercarial tegument, but the antigens in adults are
con¢ned to the gut [34].
Glycoproteins from the cercarial glycocalyx are
highly fucosylated and very high molecular mass.
They have an unusual repeating trisaccharide back-
bone of [-3GalNAcL1-4GlcNAcL1-3GalK1-]n in
which unusual FucK1-2FucK1-2FucK1-3 linkages to
internal GlcNAc and terminal GalNAc residues oc-
cur [35] (Fig. 2B).
4.2. Schistosome glycosphingolipids
Schistosomes synthesize glycosphingolipids with a
glucocerebroside precursor similar to vertebrates.
However, the glucocerebroside is not galactosylated
to make lactosylceramide as in animals, but is in-
stead modi¢ed by addition of a L1,4-GalNAc residue
to generate the ‘schisto core’ structure GalNAcL1-
4GlcL1-ceramide [36] (Fig. 2B). This simple core
structure is extensively modi¢ed in egg glycosphingo-
lipids from S. mansoni and S. japonicum, where they
have been shown to contain a repeating GlcNAc
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motif as in chitin oligosaccharides to which multiple
fucose residues are attached [37]. This more detailed
structure proposed is in contrast to that proposed by
Levery et al. [38]. S. mansoni glycosphingolipids have
extended difucosylated oligosaccharides, but the ter-
minal difucosylated GalNAc is absent from glyco-
sphingolipids of S. japonicum [37] (Fig. 2B). The neu-
tral glycolipid fraction from Schistosoma mansoni
adult worms may be useful serodiagnostic antigens
for detection of acute schistosomiasis [39]. Lipid ex-
tracts of eggs, worms, and cercariae of S. mansoni
have been shown to contain a large number of highly
immunogenic glycolipids [40], many of which remain
to be structurally characterized.
5. Relationships of schistosome glycoconjugates to
those from other helminths
Other helminths, such as Echinococcus granulosus,
Diro¢laria immitis, and Haemonchus contortus, al-
so synthesize glycoproteins containing LDN and
LDNF, in addition to other fucosylated and xylosyl-
ated glycans ([74,75] and review by Dell et al. [41]).
Another common theme between schistosomes and
other helminths studied so far is the lack of sialic
acid. However, only schistosomes have so far been
shown to synthesize the Lex antigen and extended
Lex antigen [42]. Antibodies to carbohydrate anti-
gens that are cross-reactive to glycoconjugates from
other parasitic helminths and even their invertebrate
hosts have been noted for many years, as mentioned
above. For example, antibodies to S. mansoni anti-
genic glycoproteins cross-react to glycoproteins from
F. hepatica [43] and to glycoconjugates from fresh-
water and marine snails [44]. The nature of these
cross-reactive antibodies is not clear, but in many
cases they are likely to be LDN and LDNF-related
structures. Recent experiments with antibodies to
these antigens have shown that F. hepatica, D. immi-
tis, and S. mansoni all express glycoproteins with
these determinants (Nyame and Cummings, in prep-
aration).
6. Schistosome glycosyltransferases
Based on the carbohydrate structural information,
it would be predicted that schistosomes contain
many di¡erent glycosyltransferases involved in glyco-
conjugate biosynthesis. However, so far only a few of
these enzymes have been studied in any detail. Adult
S. mansoni contain an unusual L1,4-galactosyltrans-
ferase (L1,4GalT) that forms the sequence GalL1-
4GlcNAc-R, and the worms appear to lack any
L1,3 galactosyltransferase activity [45]. This schisto-
some L1,4GalT is interesting, since unlike its mam-
malian counterpart, it is not a¡ected by the modi¢er
protein K-lactalbumin, and is unable to generate lac-
tose from UDPGal and Glc acceptors in the presence
of this modi¢er; recently a mammalian L1,4GalT has
been described which is similarly unresponsive to K-
lactalbumin [46]. Adult S. mansoni also contain a
L1,4 N-acetylgalactosaminyltransferase (L1,4Gal-
NAcT) that can generate the LDN sequence Gal-
NAcL1-4GlcNAc-R [47]. A similar type of L1,4Gal-
NAcT has also been found in both the bird
schistosome Trichobilharzia ocellata and in its snail
host Lymnea stagnalis [48,49]. This type of enzyme
may be common in many di¡erent invertebrates
[20].
As might be expected, schistosomes contain a va-
riety of K-fucosyltransferases. Adult schistosomes
contain an K1,3 fucosyltransferase (K1,3FT) that
can transfer Fuc from GDPFuc to GlcNAc residues
within type-2 chain acceptors GalL1,4GlcNAc and
GalL1-4GlcNAcL1-3GalL1-4Glc and does not trans-
fer e⁄ciently to type-1 chain acceptors GalL1,3Glc-
NAc-R [50]. The schistosome K1,3FT has enzymatic
properties very similar to many human K1,3FTs. Re-
cently, the cDNA encoding an S. mansoni K1,3FT
was identi¢ed [51]. Surprisingly, the sequence is
highly homologous to murine and human FTVII.
In addition, K2- and K3-fucosyltransferase activities
in cercariae of the schistosome T. ocellata, which
allow synthesis of the FucK1-2FucK1-3[Gal(NAc)-
L1-4]GlcNAc sequence have recently been identi¢ed
[52].
7. Glycoconjugates in the diagnosis of schistosomiasis
Schistosomiasis is routinely diagnosed by visual
examination of stool and urine samples for parasite
eggs. However, recent immunodiagnostics based on
circulating levels of CAA and CCA in serum and
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urine of patients with S. mansoni infection suggest
that these antigens show less day-to-day £uctuation
than fecal egg counts and may provide a more stable
diagnosis of schistosomiasis [53]. Immunodiagnostic
assays based on carbohydrate antigens of CAA and
circulating soluble egg antigen (CSEA) in a variety of
formats, such as magnetic beads, ELISA, dot-assays,
are demonstrating remarkable sensitivity and specif-
icity for diagnosis of schistosomiasis [54]. Immuno-
detection of schistosome-derived carbohydrate anti-
gens in Egyptian patients infected with S. mansoni
showed positive detection in s 90% of infected indi-
viduals and there were no reported false-positives
with patients who had other parasitic infections
[55]. Syntheses of the trisaccharide GalNAcL1-
4GlcNAcL1-3GalK-R, which represents part of the
repeating polysaccharide in the schistosome cercarial
glycocalyx [56], the di-, tri- and tetrasaccharide frag-
ments of CAA [57], and the difucosylated-GalNAc
epitope found in S. mansoni glycans [58], may speed
the development of both diagnostic assays and po-
tential vaccines for the disease.
8. Immunogenicity and pathology of schistosome
glycoconjugates
As referenced above, schistosome glycoconjugates
are highly immunogenic and the precise structures of
the antigenic epitopes have been the subject of many
recent studies. Schistosome infection is associated
with the production of antibodies to Lex antigen
(also called CD15 and the stage-speci¢c antigen-1
or SSEA) [25,59^62]. Many glycoproteins from the
parasite, including the secreted CCA [32], have now
been shown to contain this antigen and all species of
schistosomes appear capable of synthesizing the anti-
gen and generating an immune response to it [42].
The expression of the Lex antigen may be develop-
mentally-regulated, however, since both miracidia
and cercariae lack detectable Lex-antigen, and its ex-
pression is detectable soon after transformation to
schistosomula [63].
The observation that individuals infected with
schistosomes develop an autoimmunity to the Lex
antigen was unexpected, since the Lex antigen is a
common mammalian leukocyte marker (CD15).
The expression of the Lex antigen by the parasite
may be important in compromising host cellular im-
munity. During chronic schistosome infection, Th2
immune responses (promoting humoral immunity)
predominate over Th1 responses (promoting cellular
immunity). In response to glycans containing the Lex
antigen, murine B-1 cells secrete large amounts of IL-
10 in vitro [64]. Because IL-10 can depress Th1 re-
sponses in animals, this may partly contribute to the
Th2 dominance in early stages of schistomiasis. Re-
cent experiments also suggest that antibodies to the
Lex antigen can inhibit eosinophil-mediated cytotox-
icity toward schistosome [65].
The cercarial glycocalyx is a highly immunogenic
complex with immunomodulatory activity [66,67]
and is involved in the development of ‘swimmer’s
itch’, the dermatitis associated with bird schistosome
infections in previously sensitized individuals. Trans-
formed Trichobilharzia szidata schistosomula have
remnants of cercarial glycocalyx-derived carbohy-
drate antigens that are recognized by sera of previ-
ously infected animals [68].
The rough, syncytial, tegumental membrane of
adult worms is highly regenerative, even in response
to complement attack. This is interesting, because
schistosomiasis is characterized by intense humoral
immunity to carbohydrate antigens, but immune at-
tack is ine¡ective in destroying the mature worms.
This is especially unusual, since antibodies to Lex
and other cell-surface antigens of S. mansoni present
in the sera of infected animals, are capable of ¢xing
complement. It may be that while antibodies may not
be e¡ective in destroying the tough, regenerative
membrane of the adult schistosome alone, they
may be critical to the parasites’ sensitivity to comple-
ment-induced lysis in the presence of the drug prazi-
quantel, as discussed above. In addition, although
there is no direct evidence as yet, the presence of
circulating anti-glycan antibodies may be an impor-
tant aspect of concomitant immunity originally pro-
posed by Smithers and Terry [69], whereby an indi-
vidual already infected is less susceptible to new
infections. The newly transformed schistosomula
may be much more sensitive to immune attack
than the adult worms that provoked the partly pro-
tective immunity.
Glycans derived from schistosome eggs may also
be involved in their adhesion to the endothelium and
may be ligands for selectins, such as soluble forms of
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L-selectin, a member of the C-type family of carbo-
hydrate-binding proteins expressed in the vascular
bed. L-selectin is expressed by murine host cells
forming the granuloma around schistosome eggs
and soluble forms of L-selectin, derived from the
host have been found on surface membranes of
larval miracidia within the S. mansoni and S. japoni-
cum ova [70]. The results suggest that soluble L-se-
lectin may enter through eggshell pores and may
bind to egg glycans. The in¢ltration of L-selectin
might have a role in modulating the granulomatous
response in acute schistosomiasis. Using a panel of
blocking mAbs to known mammalian adhesion mol-
ecules, Trottein et al. [71] found that the beta-2 in-
tegrin Mac-1 (CD11b/CD18), L-selectin and sialyl
Lex may also be important in macrophage e¡ector
function toward schistosomulum targets. Surpris-
ingly, studies with antibodies to sialyl Lex also sug-
gest that schistosomes display a surface lectin with
selectin-like properties that may be involved in rec-
ognition of the sialyl Lex antigen on host leukocytes
[71]. Although the possible role of dual receptor^li-
gand interaction between schistosomes and their host
cells is unclear, the results are intriguing and deserve
further study. Schistosome infection may also pro-
duce changes in the expression of integrins and
selectins in the circulation. Changes in the serum
concentrations of soluble intercellular adhesion
molecule-1 (sICAM-1), soluble E-selectin, but not
soluble forms of P- or L-selectin, are detectable in
patients with S. mansoni infection and appeared to
correlate with disease severity, as revealed by ultra-
sonographical analysis [72]. This may re£ect liver in-
jury resulting from the in£ammatory responses.
The identi¢cation of many di¡erent antigenic gly-
coconjugates from schistosomes is helping in the de-
sign of new diagnostic procedures for schistosomia-
sis, as discussed above for current studies on CCA
and CAA. Anti-idiotype antibodies mimicking pro-
tective oligosaccharide antigens have been identi¢ed
and immunization with these antibodies elicit protec-
tive immune responses to S. mansoni carbohydrate
antigens [73]. In addition, characterization of the
glycosyltransferases in schistosomes responsible for
antigenic glycan biosynthesis and of enzymes in
their intermediate snail hosts may help identify new
drug targets and develop carbohydrate-based vac-
cines.
9. Future directions
All of the available information indicates that
schistosome glycoconjugates are highly immunogen-
ic, immunomodulatory, and may play important
roles in the progression and pathogenesis of the dis-
ease. Future studies will likely continue to character-
ize the glycoconjugate structures in the parasite and
the changes in glycoconjugate expression occurring
during the complex life cycle of the parasite. An elu-
cidation of these structures and their biosynthetic
pathways might allow the development of new drugs
that could block unique parasite glycoconjugate bio-
synthesis or interfere with parasite recognition by
host receptors. Better understanding of these glycans
and the immunity to them might also lead to new
diagnostic procedures and potential carbohydrate-
based vaccines.
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